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l’hc vit-tual spacecraft collccpt is clnboclicd  in a set of subsystems, either
in the form of harclwarc  or computational Inodcls,  which together
I“cprcscnt  dl, 01’ a portion C)f, a s p a c e c r a f t . For  Cxmplc> th c
telcc.oxnmunications  transponder may  bc a halciware prototype whi]c the
propulsion system  may exist only as a simulation. As the various
SUbSyStCIIl  S al’c rcalizui i n  ha~ CIW:LYC, the spacecraft becomes
progressively less virtLlal, ‘1’his cor~cc~]t is cIIaljlcd by J1’1,’s M i s s i o n
Systcln  ‘l’cstbcd  which is a set of networked workstations runtling a
message passing operating sysi CIII called “1’NAM}4;I, > which stancis  for
‘1’ask Remote ASyI]ChrOXIOUS  Mcssap,c F:xchange. 1,aycr. h;ac.h simulation
on the wol-kstations,  which Inay in fact be hardware contt’o]]cd  by the
workstation, ‘~)ublishes “ itS O~ICI atiTl~ ])al”amctcrs  on 1’RAMF:I, aT2d Oth C!I’
siTllulations  rcc~ui[”ing ttlosc pal aTnctcl s as in]lut Irlay ‘ s u b s c r i b e  t o
thcm.  In this tna~]ne,r, the whole  siT1lu]atioIl c)~,e~atcs as a siTlg]c viT lLIa]

SyStCI[l.

‘l’his paper clesc~ibes a simulation clcsifylccl t o eva lua te  :L
c.oxTllJILlllicatior-ls  link bctwccrl  tlje caILl) ancl the Mat-s I’athfindcr I,aTldcr
modu]c a s  i t  dcscmds uT]clcr a p:LT acl]utc th]ough the Mal-tiat~
atmosphere towarcl the planet’s surface. This ]ink includes a transmitter
:Lncl a low gain antenna 011 t}lc spaccclaft .ancl a I“ccciving; antenna ancl
1 cccivcr on t}lc catth as WCII as a siT[lulatioll  of the clyI~aT1iics of the
S})acccv”aft. “1’hc tl’aTlsInittcr, the gI’ouTId statioli alltelll”la,  t h e  rcceivcr
atld the clyriamics  a.T”c all siTnulated coxr]])\ltat ior-l:Llly while the spaccm  aft
aT”ltcr”lna is iTnplcInc.Iltccl in hal’ciwaT”e.  011 a very siIn~)lc spacecraft mock -
u~). ‘1’lIe clyllatnics  simulatio]l  is a 1 ccor d of one out~)ut of the cnsellIblc
of outputs of a Monte  C.aT]o siTnulation c]f ttlc dcsccllt. Aclditiona]ly,  the
a ntcn T”La/ spat.ccraft lnock -up systc!m wa .s simulated usiTlg A} ’AI’C II, a.
shooting and bounci?]g  I ay code Clcvclopccl b y  I)cI?laco, IIIC. ‘1’1”1 c
ar~tcntia simu]atiorl,  the mtmna ha?dwa~ c, a?lcl the link siln Ll]atiot~  al c
all ]~hysically  ]ocateci  in diffc~ cnt facilities at JI’I. sc])aratccl  by scvcml
hLIIJdICd meters ancl are lir~kccl via t}lc local  area nctwolk (1.AN).

‘1’hc M:LTS I’at}lfillder I,:LTIC]CI-  low p,aitl ante]~Tla is all a~,imut}lalty  isotrc)pic

S}”LOI 1 lI]oIlopo]~ with a SIIIZL]l skil L to ]iI]lit ]’EL(]i:itioIi  it]to the ]OwCI’

}lcl”ilisphelc. ‘1’bus, it has :L patimn Ilull  iTl tile vcI tical clilcctioll. ‘1’lIe
laTIdcr II1ock-u])  is a tT”uIicatcc~  three Si(icd pyrawiid,  as reprcscntc!ci  iTl



}“igurc 1, silnulating the dCSCeIIt COIJfi8UJ ation  of the spacecraft. “1’he low
gain antenna is rnountecl on a sup])ort mast shout 6“ long on the lanc]cr

at the micicilc of the top eclgy of onc of tlic petals. ‘l’he mast is tiltcci t)y
a b o u t  12 clegrecs  inboarc]  placing tl~c phase cexiter of the aIitcl~na
slightly above the lancicx as shown. ‘1’}Jc! antenna model was cstablishc(i
by matching the far zone patterIj  of a tli~ ec clcmcnt co]ineal array to the
measured free space antcxlTla. patlml. “l’his required a complex
weighting of 4.0 for the center  clcIilent anti 0.5 at -135 degrees for the
CIl(i CICITICntS, Interaction of the raciiation  from the antenna with the
spacecraft sigr)ificantly modifies the patlcrn. So mucli so, in fact, that
the moclLllation  scheme for the [ictual  flight link had to be mociificci as a
rcsLllt. An exaTnp]e computcci  pattc!I”n c)f t}lc antenna when Inountcc]  on
the mock-Lip is shown in Figure 2a alo~l~ with that of the antcn~la  alc)nc
for comparison. F’igurc 2b shows the Incasurecl  patter~l of the antcmna
011 the mock-up.

As the spacecI aft cicscencis towarci t}le suT-face hencath  the parachute it
swings aIlci I’OtatCS CaUSi?lg thC caI Lh tO (: XCCLltC a COIIlpliC.atCCi tI’aJeCtOI”y
th~ oug}l the pattcI-rl of the alltenrla. As 11-lcntic)ncd earlier, the clynaT[~ics
of the spacec~ aft during this phase of tl~c missioli was simLllatecl via
Morltc  Clar]o tcchniclucs. OIIe sam~)lc o f  t h e  rcsultin~ cmscmblc  o f
trajectoI-ies  of the earth was sclcctcd  for this stuciy anti this selectccl
sal[lplc is shown i]i I“i:ulc 3.

‘1’hc link simulation was carlicd out on tl]c  Missic)n system l’estbccl.  ‘l’he
clyxiamics  record as a functioI~ c)f tilnc published al]gular coorciinates  of
tlie earth  rdative to tlic  larlcie,r at a sequence of tixncs. l’hcsc were use(i
by the antenna sitnulation  (or IncasuT elrient)  to provic]c  corrcspoxlciing
antc~)na  gain anti phase to the link sil[lulatiorl process which computed
bit erIor rate and couresponciing  eIroIs in the Incssage.  1’igLlrc 4 s}iows
the calculated antenna gain as a functic)n  of time ciuring the ciesccmt of
the lancicr. ‘1’he Incssacc  was ‘peter piper picked a ~)cppcr-” repcatcci
coIlti II Llously. l+;xample output of the liTlk fox OUI siInLllation  looks like
this. “peter  piper pickow w?cr”ir’(l~)cI”l)ctcI” pipeI’  picked a pepper peter
. . . “ Note  that the crroIs arc localizc[i where the antenna gain clrops  as
onc misht expect.
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con  figuTatiorl.
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}igure  la. ~OnlpU[e.d ]()} gain ar)tenna pattern.
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Figul-e?,b, Nleasuredlov/gairt  zrntcnnap attern.



Figu]e  3, l’rajcctory of the earth  ir] the field of view of the antenna,
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ligure  4, Arltcrlrla  gairl clurirl: cle.scent.


